ABSTRACT. We investigated the immune response effects of porcine circovirus type 2 (PCV2) on cells inoculated with pseudorabies attenuated vaccine (PRV). Real-time PCR was used to detect the mRNA expression levels of the regulatory cytokines IL-4, IL-10, IL-12p40, and IFN-γ in pig peripheral blood mononuclear cells, after in vitro single vaccination and co-inoculation with PCV2 and the PRV. We found that PRV causes upregulation of IL-4, IL-12p40, and IFN-γ mRNA expression, while PCV2 causes mRNA upregulation of IL-4, IL-10, and IL-12p40. Moreover, PCV2 inhibited PRV-induced upregulation of IL-4, IL-12p40, and IFN-γ mRNA expression; IFN-γ mRNA expression was significantly inhibited. We conclude that PCV2 can reduce the cellular immune response to PRV.
INTRODUCTION
Porcine circovirus type 2 (PCV2) can cause multisystemic wasting syndrome resulting in reproductive failure, dermatitis, nephrotic syndrome, and respiratory disease after weaning (Hamel et al., 1998; Ellis et al., 1999; Opriessnig et al., 2007) , and pseudorabies (PR) virus can cause reproductive failure and respiratory disease in pigs (Mettenleiter, 2000) . These two pathogens have done great harm in the pig industry in China. PR vaccine (PRV) has shown a good protective effect, so vaccine immunization has become an effective mean for the prevention of pseudorabies around the world. However, the protective effect of PRV has decreased on PCV2-positive pig farms in recent years. The existing data have shown that PCV2 has immunosuppressive properties (Segalés et al., 2004) which can cause an imbalance in the expression of IL-4, IL-10, IL-12, IFN-γ, and other multiple cytokines (Darwich et al., 2003a,b) . This will cause IL-10 mRNA upregulation and IFN-γ mRNA downregulation in the peripheral blood mononuclear cell (PBMC) of pigs (Darwich et al., 2003a) . IFN-γ and IL-12 and IL-4 and IL-10 are important Th1-and Th2-type cytokines, respectively, and they play an important regulatory role in cellular and humoral immune responses, respectively. To investigate the effect of PCV2 on the PRV immune response, fluorescence quantitative PCR analysis was used to determine IL-4, IFN-γ, IL-10, and IL-12 mRNA expression in the PBMC of pigs after their inoculation with PCV2 and PRV in vitro.
MATERIAL AND METHODS

Vaccine, virus, and plasmid
PRV K-61 strains were from Boehringer Ingelheim (Berlin, Germany) (10 5.76 TCID 50 / mL) with the production batch number FA-953-224. PCV2 cytotoxic (10 5.82 TCID 50 /mL), plasmids of the porcine cytokines IL-4, IL-10, IL-12, and IFN-γ and some plasmids containing fragments of the house keeper β-actin gene were from the Animal Infectious Diseases Laboratory of the Animal Science and Technology Institute in Beijing University of Agriculture.
Experimental animals
Healthy landrace pigs, 38 days old, which were purchased from a farm in Beijing, were tested and found to be negative for PCV1, PCV2, and PR virus by PCR detection.
Establishment of the cytokines fluorescent quantitative standard curve
Five kinds of positive plasmid of porcine IL-4, IL-10, IL-12, IFN-γ, and β-actin were 10-fold serially diluted into 8-concentration gradients from 10 8 to 10 1 copies/μL. Real-time PCR was used with the respective specific primers (Table 1) to establish the standard curve of the cytokines. PCR was performed in 20 μL containing following: 10 μL SYBR ® Green Real-time PCR Mix, 0.1 μL Rox buffer, 0.2 μL 25 μM upstream and downstream primer each, 1 μL template, and 8.5 μL triple-distilled water. The PCR procedure was as follows: 95°C for 5 min and 40 cycles of 95°C for 30 s, 56 to 60°C for 30 s, and 72°C for 30 s. According to the variation of the fluorescence values , the system automatically generates a standard curve. 
Experimental grouping
Anticoagulated blood was obtained from the pigs and the PBMC were separated. The cell concentration in the culture medium was adjusted with 10% RPMI-1640 to 1 x 10 6 /mL, and they were then added to 12-well cell culture plates, with 1 mL added to each well. Next, 0.1 mL PCV2 (PCV2 group), 0.1 mL PRV (PRV group), 0.1 mL PCV2 and 0.1 mL PRV (PCV2 + PRV group), and 0.1 mL 10% RPMI-1640 (control group) were added. Each set had three repeats, and the cells were collected at different hours post inoculation (HPI).
Real-time RT-PCR to detect the cytokine mRNA level
Total cellular RNA was extracted with the TRIzol reagent (Invitrogen), and cDNA was synthesized by reverse transcription with Oligo (dT) 15 according to the AMV instructions. β-Actin was amplified with the PCR method. The β-actin-positive samples were analyzed for IL-4, IL-10, IL-12, and IFN-γ in real-time PCR.
Statistical analysis SPSS 13.0 was used to perform the variance analysis, where P < 0.05 indicated a significant difference. The 2 △△Ct method was used for the comparison of the cytokines in each group. ΔΔCt = (Ct target gene -Ct housekeeping gene) test group -(Ct target gene -Ct housekeeping gene) control group , 2 -△△Ct represents the fold-change of target gene expression in the test group compared to the control group.
RESULTS
Establishment of the cytokine fluorescence quantitative PCR standard curve
We took the different concentrations of recombinant plasmid as a template for realtime PCR and obtained the fluorescence quantitative PCR standard curve and its linear regression equation for the porcine cytokines IL-4, IL-10, IL-12, and IFN-γ and the housekeeping gene β-actin. They were respectively as follows: y = -3.149x + 41. Table 1 . Sequences of the primers used for the detection of mRNA specific for cytokines and β-actin.
Immune response effects of porcine circovirus type 2 y = -3.189x + 40.933, R 2 = 0.996. The correlation coefficient of the standard curve was above 0.99 indicating that the standard curve was constructed successfully, and could be used for the quantitative measure of porcine IL-4, IL-10, IL-12, IFN-γ, and β-actin mRNA levels.
IL-4 mRNA expression dynamics in the PBMC
As seen in Figure 1 , both PCV2 and PRV showed a significant (P < 0.05) effect in enhancing IL-4 mRNA expression in pig PBMC at different times after inoculation. The mRNA expression in the PRV group was significantly higher than that in the PCV2 group at 72 HPI. At 24 HPI, the IL-4 mRNA expression level in the PCV2 + PRV group was significantly lower than that in the PCV2 group and PRV group. It showed that the PCV2 and PRV mixed stimulus had a certain antagonism effect; that is, PCV2 would suppress IL-4 mRNA expression upregulation induced by PRV in the early phase after inoculation. 
IL-10 mRNA expression dynamics in the PBMC
Compared with the control group, IL-10 mRNA expression in the PCV2 group and PCV2 + PRV group was significantly upregulated at different times after inoculation (P < 0.01). The increase in the latter group was below that in the PCV2 group, but there was no significant difference between the two groups (P > 0.05). mRNA expression in the PRV group showed a significant increase compared with the control group only at 72 HPI (P < 0.05), but there was no significant difference between the two groups (Figure 2 ). This indicated that PCV2 had a significant role in increasing IL-10 mRNA expression, where upregulation was not obvious with PRV.
IL-12p40 mRNA expression dynamics in PBMC
As seen in Figure 3 , PCV2 significantly increased IL-12p40 mRNA upregulation in porcine PBMC at different times after inoculation (P < 0.05). At 24 and 48 HPI, PRV also showed the upregulation effect (P < 0.05). However, the IL-12p40 mRNA expression level in the PCV2 + PRV group was significantly lower than that in the PCV2 group at 24 and 72 HPI, and it was significantly lower than that in the PRV group at 24 HPI. This indicated that PCV2 and PRV were capable of upregulating IL-12p40 mRNA expression, but there was a certain degree of the mutual antagonism between the two. Immune response effects of porcine circovirus type 2
IFN-γ mRNA expression dynamics in PBMC
Compared with the control group at different times after inoculation, the average IFN-γ mRNA level of the PCV2 group did not increase, but the IFN-γ mRNA level of the PRV group showed a significant increase (P < 0.05). The IFN-γ mRNA level of PCV2+PRV group was significantly lower than that of the PRV group (Figure 4) . This indicated that the PRV was able to upregulate IFN-γ mRNA in PBMC. PCV2 did not have such an effect and, in contrast, significantly inhibited the upregulatory effect of PRV on IFN-γ mRNA expression. 
DISCUSSION
Existing data show that PCV2 has immunosuppressive characteristics that can cause an imbalance in a variety of cytokine mRNA expression (Segalés et al., 2004; Darwich et al., 2003a,b) . Cytokines are important immune regulatory factors, where they play an important role in the immune network as signal molecules between cells. IL-12 and IFN-γ are important Th1-type cytokines and have an important role in cellular immune response. IL-4 and IL-10 are important Th2-type cytokines and have an important role in humoral immune response.
Some studies on the PRV-immune pig PBMC in vitro have been reported (Kekarainen et al., 2008a,b) ; PCV2 and inactivated PRV are both able to induce the expression of IL-12, but they are only able to induce the mass expression of IL-10 and IFN-γ separately. PCV2 can significantly inhibit the ability of inactivated PRV to induce IFN-γ expression, but inactivated PRV does not inhibit the PCV2 from inducing IL-10 expression. The application of live PRV in vitro showed a consistent result. PCV2 induced mRNA upregulation of IL-4, IL-12 and especially IL-10 in PBMC, but it did not upregulate IFN-γ mRNA expression. PRV can cause the mRNA expression upregulation of IL-4, IL-12, IFN-γ, but it is unable to cause IL-10 mRNA upregulation. Compared with single PRV vaccination, the PCV2 and PRV inocula-tion will cause the upregulation of IL-10 mRNA expression, downregulation of IFN-γ mRNA expression and downregulation of IL-4 and IL-12 mRNA expression only in the early phase. This indicates that PCV2 and PRV show a mutual antagonism, mainly because that PCV2 significantly interferes with PRV-induced IFN-γ mRNA expression. The results above showed that whether or not PRV underwent inactivation treatment, its ability to induce the expression of IL-10, IL-12, IFN-γ and other cytokines in pig PBMC was the same. Although PCV2 had a certain effect on the expression of IL-12, its effect was mainly the suppression of IFN-γ expression. In pig production, PRV-attenuated live vaccine and inactivated vaccine both have a good immune effect, where no significant difference was found between them. This may be good evidence that live PRV and inactivated PRV in vitro have the same effect on cytokine expression in pig PBMC.
Many studies have revealed that the induction of IL-10 upregulation is one of the basic characteristics of PCV2 (Darwich et al., 2003a; Segalés et al., 2004; Stevenson et al., 2006; Darwich et al., 2008) . Our study further confirmed this phenomenon. It is known that over upregulation of IL-10 may cause immunosuppression. Kekarainen et al. (2008b) found that the PCV2-induced IL-10 decreased the immune response to recall antigens in the pig PBMC by participating in the inhibition of IFN-γ expression. This indicates that IFN-γ downregulation was the inevitable result of PCV2-induced IL-10 upregulation after the combined stimulation by PCV2 and PRV. Although PCV2 significantly inhibited PRV-induced expression of IFN-γ in pig PBMC, its inhibitory effect on the expression of IL-4 was slight and transient. This suggested that PCV2 may primarily affect PRV cellular immune response of vaccinated pigs, but that its humoral immune response may not be obvious.
In summary, in the in vitro cell environment, PCV2 can significantly inhibit PRVinduced IFN-γ mRNA expression in pig PBMC, suggesting that PCV2 may affect the cell immune response of PRV. The effects of PCV2 infection on the PRV immune response in vivo need to be further researched.
